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Zaidi et al (Tasigna ® ) was found to be active against most imatinibresistant mutations of BCR-ABL, except T315I, and induced durable CyRs in ~50% of patients in chronic phase CML when used as second-line therapy. 6 Thereafter, nilotinib received US Food and Drug Authority approval for first-line treatment of CML, based on the results of the Phase III, multicenter, open-label, randomized trail Evaluating Nilotinib Efficacy and Safety in Clinical Trials-Newly Diagnosed Patients (ENESTnd), which compared two different doses of nilotinib with standard dose of imatinib. The results of that trial revealed higher rates of major molecular response (MMR) with nilotinib compared with imatinib (71% with nilotinib 300 mg twice daily, 67% with nilotinib 400 mg twice daily, and 44% with imatinib). 7, 8 The Sokal risk scoring system is widely used to stratify risk in CML patients at baseline to predict the response to treatment and prognosis. Most of the studies have shown that at diagnosis, two-thirds of patients with chronic phase CML were in the low Sokal risk group. In a study by Cortes et al, in which nilotinib was used as frontline therapy in chronic phase CML, 70% of patients had a low Sokal risk score at diagnosis. 9 Pakistan is a developing country and it has always been difficult to provide optimal health care to patients because of limited health resources. In Pakistan, imatinib and nilotinib are the only TKIs available for use. In most areas, imatinib is still being used as first-line treatment, with 65%-70% of patients achieving CCyR. This is believed to be the first study of CML patients from all over Pakistan to report the molecular response (MR) to nilotinib as front-line therapy in high, intermediate, and low Sokal risk patients. The aim of this study was to highlight the benefit of achieving early and sustained deep MRs (DMRs) with nilotinib, which are needed to achieve treatment-free remission and reduce the economic burden on health authorities. We also observed the number of adverse events with nilotinib and the improvement in overall survival (OS) and outcome of CML in our population.
Patients and methods Patients
This was an observational study conducted from March 2011 to June 2017. The study was approved by the Institutional Review Board of the National Institute of Blood Diseases and Bone Marrow Transplantation (NIBD-RD-70/15-2011). Informed written consent for participation in the study was obtained from all patients. We included patients aged ≥18 years, newly diagnosed with chronic phase of CML by bone marrow biopsy and detection of Philadelphia-positive chromosomes by conventional karyotyping/fluorescent in situ hybridization or positive BCR-ABL result from PCR (using Ipsogen BCR-ABL1 Mbcr RGQ RT-PCR Kit with detection limit of 0.001% on International Scale [IS]) in peripheral blood or bone marrow aspirate. Sokal risk score was calculated in all patients at baseline, who were categorized into low-, intermediate-, and high-risk groups. Patients who had received hydroxyurea for cytoreduction were also included in the study. Women of child-bearing age were counseled for strict contraception during treatment and a negative pregnancy test was obtained before commencing nilotinib therapy. However, patients with severe cardiac dysfunction and Eastern Cooperative Oncology Group performance status ≥2 were excluded because of the risk of cardiotoxicity.
Treatment and response definitions
All patients received nilotinib 300 mg twice daily orally, 1 hour before meals. Baseline spleen size was recorded in all patients. Baseline laboratory data included complete peripheral blood counts, hepatic and renal profiles, and levels of lactate dehydrogenase and serum calcium, phosphorous and uric acid. Complete Blood Count was done in all patients initially every 2 weeks and then monthly. Molecular monitoring of BCR-ABL transcripts was performed in the molecular department of our institute at 6-monthly intervals, contrary to European LeukemiaNet (ELN) recommendations of 3-monthly monitoring to minimize the financial burden on patients and health authorities. Ultrasensitive CML Monitoring Xpert ® BCR-ABL Ultra was used, which has a detection limit of ≤0.001%, equivalent to five log reduction of IS, as defined later. Treatment was continued in all patients without dose modification until there was any sign of disease progression or loss of response. Adverse events were recorded at each visit and graded according to National Cancer Institute Common Toxicity Criteria version 4.0. 10 Treatment was interrupted transiently if the neutrophil and platelet count fell below 0.5×10 9 /L and 40×10 9 /L, respectively. TKI domain mutational analysis was performed using amplification-refractory mutation system-PCR in patients who were unresponsive to treatment.
Operational definitions
Response to treatment was assessed according to ELN recommendations 2013. 11 Complete hematological response (CHR) was defined as normalization of peripheral blood counts, absence of immature granulocytes, basophilia, and blast cells, and disappearance of palpable splenomegaly at 3 months of treatment. MMR was defined as a BCR-ABL/ABL transcript ratio <0.1%. DMR (MR 4 and MR 4.5) was defined as BCR-ABL/ABL transcript ratio <0.01% and <0.0032% on 
Ethics approval and consent to participate
All procedures performed in the study involving human participants were in accordance with the ethical standards of the Institutional Review Board of National Institute of Blood Diseases and Bone Marrow Transplantation and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. This article does not contain any studies with animals performed by any of the authors. Informed consent was obtained from all the individual participants included in the study.
Results
One hundred and seventy-three newly diagnosed patients with chronic phase CML received nilotinib between March 2011 and June 2017. The baseline characteristics of the patients are shown in Table 1 . The median age of patients was 38 years and male to female ratio was 1.25:1. The median time from diagnosis to start of treatment was 1 month (range 1-23 months). The median follow-up time was 24 months (range 0.7-79 months). Eighty-eight (51.4%) patients had high Sokal risk score at baseline. Almost all patients received hydroxyurea for cytoreduction before starting nilotinib. For all patients, data points were available at diagnosis and then at 
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Zaidi et al every 6 months till their last follow-up. Baseline biochemical profile of patients is shown in Table 2 . CHR was achieved by 163 (95.3%) of patients at 3 months after starting therapy. Six of eight (4.6%) patients who failed to achieve CHR had a high Sokal risk score. One patient died after 3 months of follow-up from a non-CML-related cause, while one patient was excluded from the study because she had conceived. Four patients remained in chronic phase and continued nilotinib therapy, and three of them achieved CHR at 7 months. The remaining patients never achieved CHR.
One hundred and seventy-one patients were evaluable for MR. Overall, 147 (86%) of patients achieved MMR. Six months after starting nilotinib, 126 (73.9%) of patients achieved MMR, while 63 (37%) of them showed DMR. Among the high Sokal risk group, 61 (69.3%) and 31 (35.2%) of patients achieved MMR and DMR, respectively, at 6 months (Table 3) . Response durability was assessed in all patients over a median follow-up of 24 months (range: 0.7-79 months).
Overall, 138 (81%) and 84 (49%) of patients were able to sustain MMR and DMR, respectively, while 72 (81.8%) and 45(51.5%) of patients in the high Sokal risk group sustained MMR and DMR, respectively, at 24 months of treatment.
Response rates according to ELN criteria 2013 are shown in Table 4 Six of 171 patients transformed to the accelerated phase at 12, 14, 19, 24, 28, and 33 months of therapy and four to blast phase at 12, 17, 18, and 27 months. The characteristics of patients with disease progression are described in Table  5 . All six patients in accelerated phase continued nilotinib therapy, and four of them responded to escalated dose of nilotinib and subsequently reverted to chronic phase. Patients in blast phase discontinued nilotinib therapy.
TKI domain mutational analysis revealed a total of 34 out of 46 patients with mutations and the analysis was performed in those who either failed to achieve an optimal response or those who progressed into accelerated or blast phase. Of them, T315I (n=19), E255K (n=6), G250E (n=3), Y253H (n=3), M351T (n=2), and E255V (n=1) mutations were commonly observed. Among 34 patients, those with T315I mutation were switched to alternate treatment due to non-availability of ponatinib in the country. Patients harboring E255K/V, Y253H, and M351T mutations were switched to dasatinib. The G250E mutation positive patients were switched to high dose of imatinib. These patients remained in the chronic phase of disease. Clonal evolution was not detected in any of the study patients. The estimated EFS, TFS, and OS rates for the whole group were 91.9% ( Figure  1 ), 92% (Figure 2) , and 92.3% (Figure 3) , respectively, at 24 months.
The adverse events commonly observed were weight gain in 8 (4.6%) patients and abdominal pain in 7 (4%) ( Figure 4A and B). A small proportion of our patients, ie, 2 (1.15%), 
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Zaidi et al had deranged hepatic profile that was managed by minor dose reduction. Severe neutropenia and thrombocytopenia occurred in only 8 (5%) and 7 (4%) patients respectively, and they were corrected by intermittent dose interruptions for 1-2 weeks ( Figure 4B) . None of the patients required treatment withdrawal due to hematological or systemic adverse events.
Discussion
Compared with imatinib, second-generation TKIs are now recognized to induce earlier and deeper cytogenetic and molecular responses. 12 Results of 5 years of follow-up of patients receiving nilotinib in the ENESTnd trial had higher rates of CyR, DMR, and OS compared with those with imatinib. 13, 14 The Dasatinib versus Imatinib study (DASISION) in treatment-naive CML patients, with dasatinib as frontline therapy, also reported the positive impact of attaining early and deep MRs on patient outcomes. 15 In Pakistan, the choice of TKIs is limited to imatinib and nilotinib. There is an increasing need to establish the efficacy and safety of nilotinib in our population to provide optimal care at minimal cost, and improve survival and outcome at the same time. In this study, we observed 
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Zaidi et al that a higher number of patients receiving standard dose nilotinib achieved the desired MR within appropriate timelines defined in international guidelines. Since no local data on molecular monitoring are available in Pakistan, we compared our results with the ENESTnd trial. We found that a significant proportion of patients achieved early and deeper MRs and sustained these over a median follow-up of 24 months.
Previously, a prospective study conducted at another center in Pakistan, including 304 consecutive patients with chronic phase CML treated with imatinib, reported superior and sturdier long-term CyRs. Estimated 5-year EFS and OS of all patients were 79% and 86%, respectively. CCyR was achieved in 206 (67.8%) patients. 16 Comparing our results with this imatinib study, it is evident that nilotinib produced better OS and TFS, when used in a frontline setting. Primary endpoints of both these studies were different, that is, CyR in the imatinib study compared with MR in our study.
The impact of attaining early MRs on OS is so far unclear. Long-term follow-up of patients will predict the beneficial effect on survival. Recent trials have suggested that patients who demonstrate stable DMRs may be considered for cessation of treatment in a clinical trial setting. [17] [18] [19] Sokal scoring is the most widely used risk scoring system to predict the prognosis of patients with CML at baseline. It was developed in 1984 and was intended for use with patients treated with interferon and hydroxyurea. 20 However, its applicability in the TKI era has been studied by various groups, but the results pertaining to its authenticity are contradictory. 21 Kantarjian et al suggested that nilotinib could improve CCyR and MMR rates at 24 months across all Sokal risk groups in the ENESTnd study. 8 We calculated the Sokal score of all patients at baseline and found predominantly high-risk patients in our study group. High Sokal score was attributable to the presence of thrombocytosis at initial presentation in most patients. This differs from the published literature. In a large series of patients studied by Hasford et al, high Sokal score was reported in 24% patients only. 22 A Japanese study evaluated the prognostic significance of different scoring systems and reported lower numbers of patients with a high-risk Sokal score (18.6%). 23 CML is reported in older age groups worldwide. The median age of our patients at diagnosis was 38 years; this is in accordance with other studies showing that CML is manifested at an earlier age in Asians because of specific genetic polymorphisms. 24 Bansal et al from India reported a median age of 38 years in newly diagnosed CML patients. 25 Two previous studies published from Pakistan have reported median ages of 38 and 37 years. 16, 26 In our study, the rate of disease transformation to accelerated or blast phase was not high despite a large proportion of patients with high Sokal risk score. The risk factors for disease transformation in our patients were mainly failure to achieve CHR and MMR within desired timelines. This was despite being compliant with the standard dose of nilotinib and acquisition of TKI mutations at different times during treatment. One of the five patients who transformed to blast phase had transient treatment interruption because of financial constraints. The patient remained unresponsive after restarting nilotinib, developed T315I mutation, and eventually evolved into blast phase.
Resistance to TKI is a major impediment in gaining optimal response to treatment and disease progression in CML patients. Point mutations in the BCR-ABL kinase domain can lead to TKI resistance and are responsible for treatment failure in many cases. 27 Clinically, relevant mutations associated with nilotinib are E255K/V, F359V/C, and T315I.
28 T315I mutation was the most commonly found mutation in our patients, followed by E255K. Twenty of 36 patients remained in the chronic phase of CML despite the presence of the mutations. Only few of these patients could be offered the third-generation TKIs because of the limited availability of these drugs in Pakistan. We did not find any significant association of age, high white blood cell count, and blast percentage with disease progression and transformation in our study group.
The safety and tolerability of nilotinib has been studied in various clinical trials. The adverse events reported with nilotinib are infrequent and usually tolerable. Long-term use in western populations is associated with cardiovascular events and renal and gastrointestinal disturbances, hence it is not recommended for use in patients with severe cardiac or renal dysfunction. 29, 30 ELN has recently published a detailed review of the long-term adverse effects of TKIs, according to which, second-generation TKIs are associated with unexpected harmful effects in patients, some of which may be reversible. 31 Therefore, it is imperative to monitor patients closely to minimize any undesirable effects of the drug. Nilotinib seemed to be well tolerated in our patients. The most common adverse events reported were weight gain and abdominal pain. Drug-induced myelosuppression was minimal and mostly noticed during the first 6 months of treatment. Grade 3 or 4 neutropenia and thrombocytopenia were observed in a small number of patients during the early phase of treatment and were managed with transient treatment interruption and dose reduction. No significant elevation in liver enzymes was found in our patients as reported previously by Cortes 9 and no cardiovascular event was reported. Cardiotoxicity with nilotinib is usually reported with higher doses (800 mg), 31 this could be one of the main reasons of low cardiac adverse events observed in our patients as majority was compliant and tolerant to treatment and achieved desirable MRs at standard (600 mg) dose. The occurrence of CML in relatively younger age group of patients, with good performance status and insignificant co-morbidities and a reduced environmental exposure to risk factors, such as smoking and alcoholism due to religious prohibition could be the other reasons attributable to reduced hepatotoxicity and cardiotoxicity observed in our patients. Overall, nilotinib demonstrated a good safety profile with no unexpected systemic adverse events during treatment.
Our study had some limitations. First, for economic reasons, molecular monitoring of BCR-ABL transcripts was performed only at 6-monthly intervals in all patients. Second, CyR was not evaluated, which was also mainly due to financial constraints.
Conclusion
Frontline treatment of CML with nilotinib in Pakistani population, with most being in the high Sokal risk group, achieved early and durable DMRs leading to considerably improved outcome. Long-term treatment with nilotinib was well tolerated. Nilotinib should be considered as first-line treatment throughout the country because of its better tolerability and induction of deeper MR.
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